. Comparison of results obtained with different auto-threshold routines.
Threshold routines.
Two auto-thresholds routines available in ImageJ were applied, the Yen [3] and the Huang [4] ones. These two routines provided the more accurate number of particles, as tested for a small portion of the sludge maps ( Figure S2 ). The Yen routine slightly underestimated the number of particles, and Huang slightly overestimated them ( Figure S2 ). Therefore, Yen and Huang counts for 3 grayscale ranges (full width, 90% and 80%) were averaged and used to calculate the statistical uncertainty. Results of all routines available in ImageJ are shown in Figure S3 . Figure S3 . Total number of particles obtained for the entire sludge map from each auto-threshold routine, sorted from smallest to largest.
Despeckle filter. The
ImageJ despeckle filter was then applied, in order to remove single pixel artefacts resulting from the threshold operation ( Figure S4 ). 
Feret diameter.
The particles do not have a perfect circular shape. The Feret diameter, i.e., the distance between two parallel tangents on opposite sides of the image of a particle, is a suitable length to describe the particle size ( Figure S5 ). In this work, the reported diameter is the average of the maximum and minimum Feret diameter. Figure S2 . Maximum Feret diameter (Fmax) and minimum (Fmin) of an irregular shape particle, both magnitudes are given by ImageJ.
Diameter categories.
The Nyquist criterion specifies that the image sampling interval must be smaller than half the desired resolution [5] . Therefore, in this work, a 100 nm (two pixels) resolution was appropriate to categorize the particle size distribution. Four categories were defined, < 100 nm, 100-200 nm, 200-300 and > 300 m.
2.6. Limitations of the method. The particle size distribution obtained by image analysis is often affected by the presence of aggregates or agglomerates. In the present work, none of the used thresholds were able to separate particles that were too close, therefore aggregates were treated as single particle ( Figure S6 ). Thus, this type of analysis likely overestimates the number of larger particles. Figure S6 . Example of how the threshold process cannot separate close particles, and considers the aggregate as a single, larger particle. , where µ is the normalized absorbance. Figure 2D -F with and without Ba and Ce. Red arrows indicate parts of the spectra that are not correctly fitted. For each spectrum, the conclusion on the presence of Ba and Ce is given on the right. b) Ba distribution in the amended soil thin section. The zones with strong overabsorption have been removed from the map and from the XRF analysis. c) Ba vs. Ti intensity scatter plot extracted from the Ba-rich spots in b). These spots represent 5.5% (in area) of the total Ti-rich spots. d) XRF spectrum for the Ba-rich spots in b). The blue area is the ±1x  interval (meaning 1 x the standard deviation on all pixels included in the average), showing the variability between pixels. Peak deconvolution confirms that they contain Ba and Ti, and traces of Ce. figure S10 , presented as temperature maps for Ti. 1 pixel= 0.5 µm. Areas from which XANES spectra were extracted are highlighted by red ellipses. In other cases, the spectrum was extracted from the whole area.
Results

